The carcass of an adult male beluga (Delphinapterus leucas) was found beach cast in 2008 on the shore of the St. Lawrence Estuary at Riviè re-Ouelle, Quebec, Canada. The carcass was transported to the Faculté de mé decine vé té rinaire of the Université de Montré al for postmortem examination. Aspiration pneumonia was the probable cause of death. Necropsy revealed a focal papilloma-like penile lesion, characterized by focal mucosal thickening with disorganization of the epithelial layers and lymphoplasmacytic infiltration. A pan-herpesvirus nested PCR assay on frozen tissue from the penile lesion was positive. The PCR product sequencing revealed a partial herpesvirus DNA polymerase (DPOL) gene sequence of 600 nucleotides. Its nearest nucleotide identity was with the partial DPOL gene of an alphaherpesvirus, bovine herpesvirus 5 (79.5% identity). It also shared high identity with several other marine mammal herpesviruses (50.2 to 77.3% identity). This new herpesvirus was tentatively named beluga whale herpesvirus (BWHV). Virus isolation was unsuccessful. The pathogenic potential of BWHV is unknown, but the evaluation of archived tissues suggests that the virus is endemic in the St. Lawrence Estuary beluga population.
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On 3 May 2008, the carcass of an adult male beluga (Delphinapterus leucas), with a Smithsonian Condition Code of 3.5 (Geraci et al. 1993) , was found stranded on a shore of the St. Lawrence Estuary near the town of Riviè re-Ouelle, Qué bec, Canada (47u269000N, 70u019000W). The carcass was transported the same day to the Faculté de mé decine vé té rinaire (FMV) of the Université de Montré al (St. Hyacinthe, Qué bec, Canada) for postmortem examination. The animal was 428 cm long and weighed 961 kg. Age was approximately 21 yr, based on the number of growth layer groups of dentine using a longitudinal midline section of half tooth (Stewart et al. 2006) . A slightly raised, oval lesion (433 cm) of mucosal thickening was detected on the midthird of the penis (Fig. 1) . The only other significant macroscopic finding was a large amount of partially digested fish in the first gastric compartment and esophagus. Selected tissues were frozen at 280 C and submitted for RNA/DNA extraction or were fixed in 10% neutral buffered formalin and submitted for histopathology. Fixed tissues were embedded in paraffin, sectioned at 5 mm, stained with hematoxylin-phloxinesaffron, and examined by light microscopy.
Based on microscopic examination of tissues, the cause of death was aspiration pneumonia, characterized by large amounts of foreign material associated with inflammation in the deep airways. The cause of the aspiration is unknown. The penile lesion was formed by a moderate thickening of the mucosa associated with cellular disorganization and characterized by nonparallel arrangements of the deep epithelial layers and formation of elongated projections of epithelial cells into the submucosa ( Fig. 2A) . Numerous mitotic figures were present in the basal layer. There was moderate multifocal lymphoplasmacytic infiltration of the mucosa and submucosa (Fig. 2B) .
Genital lesions similar to that in this beluga have been described in other species of cetaceans, including common bottlenose dolphins (Tursiops truncatus), Risso's dolphin (Grampus griseus), Burmeister's porpoise (Phocoena spinipinnis), Atlantic white-sided dolphin (Lagenorhynchus acutus), and Blainville's beaked whale (Mesoplodon densirostris). The lesions in these species were associated with herpesviruses van Elk et al. 2009 ) or papillomaviruses (Van Bressem et al. 1996; Rehtanz et al. 2006; Van Bressem et al. 2007; Gottschling et al. 2011) . Herpesviruses have a linear double-stranded DNA genome of around 130-230 kilobases and are classified into three viral subfamilies (Alphaherpesvirinae, Betaherpesvirinae, and Gammaherpesvirinae) composing the family Herpesviridae. Herpesviruses are considered to be host specific. However, most animal species are affected by several distinct herpesviruses (Pellett et al. 2012) . Papillomaviruses have a circular doublestranded DNA genome of around 6.8-8.4 kilobases and are classified into 16 genera composing the Papillomaviridae. Papillomaviruses are also considered host specific (Bernard et al. 2012) .
Considering the similarity between genital lesions reported in marine mammals and those observed in this beluga, a sample of lesion was tested for herpesvirus and papillomavirus. Papillomaviruses were tested for by PCR using primers FP-L1 (ACT GAT GAA TTT RTA ACA CGC AC) and RP-L1 (ATC ATC TGC ATI GAT TTA GGA TC). Both primers were selected based on a multiple alignment (ClustalW, MegAlign, Lasergene, DNAS- TAR, Madison, Wisconsin, USA) of the major capsid protein L1 gene of bottlenose dolphin papillomavirus 1 (TtPV-1) with GenBank accession No. EU240894, TtPV-3 (EU240895), TtPV-4 (JN709469), and TtPV-7 (JN709472). These primers allowed the amplification of the papillomavirus expected 402-base pair (bp) L1 DNA fragment of common and IndoPacific (Tursiops aduncus) bottlenose dolphins and from a bowhead whale (Balaena mysticetus). No papillomavirus DNA was obtained from the beluga whale lesion tissue. However, herpesvirus DNA was detected using a pan-herpesvirus nested PCR (nPCR), as described by Gagnon et al. (2011) . The nPCR targeted the herpesviruses DNA polymerase (DPOL) gene and detects a broad range of herpesvirus species. The herpesvirus PCR product was subsequently sequenced to confirm its genomic relationship to herpesviruses. A 218-nucleotide (nt) amplicon, predicting a 72 amino acid sequence, was obtained and deposited into GenBank (accession No. KF155406). The GenBank Basic Local Alignment Search Tool (BLAST; NCBI 2013) analysis suggested the sequence was related to the alphaherpesviruses (Altschul et al. 1997) .
Following detection of the new virus, tentatively named beluga whale herpesvirus (BWHV; strain FMV08-1468944), a retrospective study was done using frozen tissues from belugas found beach cast from 2003 to 2010 along the St. Lawrence Estuary. Tissues were obtained from genital and oral mucosal lesions (Table 1 ). All were PCR negative for papillomavirus, but four of the six were nPCR herpesvirus positive (Table 1 ). All PCR products were sequenced, and all DPOL partial nt sequences were 100% identical to FMV08-1468944. To increase the DNA viral genome sequence coverage of BWHV, the strongest first step of the nPCR reaction (from FMV10-1481255) was submitted for sequencing. A 600-bp DNA sequence was obtained and deposited into GenBank (accession No. KJ789857).
The nt comparison showed that the nearest identity was with the DPOL gene of bovine herpesvirus 5, an alphaherpesvirus (79.5%; GenBank accession No. AY261359 a 383-nt DNA consensus sequence) was generated by the neighbor-joining method, with 1,000 bootstrap replicates with Geneious Pro (version 5.6.6; Biomatters 2014) using a ClustalW alignment (Fig. 3) . Sequences retrieved from GenBank were chosen according to reference strains selected from each herpesvirus genus (Pellett et al. 2012) , with the addition of several reported marine mammal herpesviruses Smolarek Benson et al. 2006; van Elk et al. 2009 ), including the new BWHV sequence. The phylogenetic tree (Fig. 3) and the BLAST results indicate that BWHV is closely related to the Varicellovirus genus of the Alphaherpesvirinae subfamily and is closely related to two marine mammal herpesviruses (DeHV7 and DeHV9).
FIGURE 3. A phylogenetic tree containing 40 herpesvirus DNA polymerase partial nucleotide (nt) sequences (with a 383-nt DNA consensus sequence) was generated by the neighbor-joining method with 1,000 bootstrap replicates with Geneious Pro (version 5.6.6) software using a ClustalW alignment. Bootstrap confidence levels are indicated at the nodes. The horizontal scale indicates the distances between strains; a distance of 0.07 means that the strains possess 93% nt identity. Herpesvirus subfamilies Alphaherpesvirinae, Betaherpesvirinae, and Gammaherpesvirinae are, respectively, red, blue, and purple. When known, herpesvirus genera are identified by brackets. The arrow indicates the beluga whale herpesvirus (BWHV) strain FMV10-1481255. Sequences from GenBank were selected according to reference strain (Pellett et al. 2012) , with the addition of reported sea mammal herpesviruses, and include the following: Alcephaline HV1 (AlHV1; NC_002531); bovine HV1 (BoHV1; NC_001847); BoHV4 (NC_002665); BoHV5 (NC_005261); BWHV (KJ789857); Cercopithecine HV2 (CeHV2; AY714813); Delphinid HV (DeHV2; GQ429149); DeHV4 (AY952777); DeHV5 (AY952776); DeHV6 (DQ288666); DeHV7 (AY608707); DeHV9 (GQ429151); Elephantid HV1 (ElHV1; AF322977); Equid HV1 (EHV1; NC_001491); EHV2 (NC_001650); EHV4 (NC_001844); Gallid HV1 (GaHV1; NC_006623); GaHV2 (NC_002229); GaHV3 (NC_002577); Human HV1 (HHV1; NC_001806); HHV2 (NC_001798); HHV3 (NC_001348); HHV4 (NC_007605); HHV5 (NC_006273); HHV6 (NC_001664); HHV7 (NC_001716); Iguanid HV2 (IgHV2; AY236869); Kogiid HV1 (KoHV1; AY949830); loggerhead orocutaneous HV (LOCV; EU004542); Macacine HV1 (McHV1; NC_004812); McHV4 (NC_006146); Meleagrid HV1 (MeHV1; NC_002641); Murid HV2 (MuHV2; NC_002512); Ovine HV2 (OvHV2; NC_007646); Phocid HV1 (PhoHV1; U92269); PhoHV3 (DQ093191); Psittacid HV1 (PsHV1; NC_005264); Saimiriine HV2 (SaHV2; NC_001350); Suid HV1 (SuHV1; NC_006151); and Ziphiid HV1 (ZiHV1; AY949828).
Virus isolations using beluga primary kidney cells (BWK) and harp seal primary kidney cells (PSK.35; Nielsen et al. 1989; Nielsen et al. 2008) ). Cells were observed daily for at least 30 days, but no cytopathic effect was detected. Cell culture samples from each virus isolation attempt were subsequently tested with the herpesvirus nPCR. All results were negative, and the virus isolation attempts were considered unsuccessful. Possible reasons for the negative isolation attempts include inappropriate cell culture or advanced decomposition of the tissue collected.
We identified a novel alphaherpesvirus in genital and oral lesions in belugas. Although herpesvirus-like particles have been observed by transmission electron microscopy within skin lesions of belugas (Martineau et al. 1988; Barr et al. 1989) , no final confirmation or genomic identification as herpesvirus was achieved. To our knowledge, this is the first reported genomic sequence of a beluga herpesvirus. Mucosal lesions of five belugas were positive for BWHV, suggesting that this virus is endemic in the St. Lawrence Estuary population. Alphaherpesviruses are generally associated with blisters and ulcers, which was the case for four of five herpesvirus-positive belugas. However, alphaherpesviruses are generally not associated with papilloma lesions; thus, it is surprising to find one case related to this kind of lesion. Nonetheless, alphaherpesviruses have been reported in other small cetaceans and were associated with skin lesions (Smolarek Benson et al. 2006) . After the submission of this paper, herpesviruses were reported in Alaska beluga whales and were found to be similar to our BWHV (GenBank accession No. KJ191536 to KJ191540 and KF679805), indicating a greater geographic dispersion of BWHV into beluga whale populations. Herpesviruses can establish latent infections, and infections may be asymptomatic. Thus, the presence of BWHV DNA in mucosal lesions could be an incidental finding, not causally associated with the tissue changes we observed. More beluga cases should be studied, and additional work will be needed to determine the causal relationship between BWHV and the mucosal lesions we observed.
To ascertain the involvement of BWHV in mucosal lesions, ultrathin sections of paraffin block-fixed tissues were prepared and observed using a transmission electron microscope (Hitachi HT7700; Rexdale, Ontario, Canada). No herpesvirus-like particles were observed. Surprisingly, viruslike structures of 70-90 nm were observed in case FMV10-1481255 (Fig. 4) . Those particles roughly resemble adenovirus virions. Further work is needed to identify those particles. In light of the possible involvement of other viruses (Fig. 4) , additional work is needed to determine the causal relationship between BWHV and the mucosal lesions we observed.
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